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ABSTRACT 
The reproductive behavior of both sexes of the apple 
maggot, Rhagoletis pomonella (Walsh) was shown to be 
intimately correlated with ovarian and accessory reproduc¬ 
tive gland development, and changes in the fat body. 
Protein was required by the female to ensure complete 
maturation of the ovaries and accessory reproductive glands 
and normal reproductive behavior. A protein free diet 
resulted in a drastic slowing in ovarian and accessory 
reproductive gland development after day 5 in females. 
Spermatogenesis, however, was independent of diet and little 
protein was required for accessory reproductive gland de¬ 
velopment by the male. Mating behavior in the male was 
apparently not affected by diet. 
The intake of protein and sucrose by adult males 
and females was highest during week 1, decreased slightly 
during weeks 2 and 3, and then remained at a lower level 
until the end of the experiment (day 45). These changes in 
food intake (protein in particular) were associated with 
both the maturation of the reproductive system and changes in 
reproductive behavior of the adult. Females consumed much 
greater amounts of protein and more sucrose than males, re¬ 
flecting the greater need for protein for egg production and 
sucrose to support the greater biomass of the females. In 
V 
addition, there were significant quantitative differences 
in almost all parameters investigated between field col¬ 
lected and a laboratory adapted strain of apple maggots. 
The degree of difference between the two strains of flies 
was very similar for each parameter, suggesting that protein 
intake, fecundity, and reproductive behavior are very 
closely related physiologically in the apple maggot adult. 
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INTRODUCTION 
The apple maggot, Rhagoletis pomonella (Walsh), 
originally infested native, large fruited hawthorns 
(Crataegus spp.), but recently shifted to apples and is now 
considered a major pest of apples in the Northeastern United 
States. Much is known about the bionomics of the apple 
maggot and other Tephritids (Christenson and Foote, 1960; 
Bateman, 1972; Dean and Chapman, 1973; Boiler and Prokopy, 
1976). The role of nutrition in the reproductive behavior 
and maturation of the ovaries of the adult apple maggot and 
other Rhagoletis spp. has been previously described (Illing¬ 
worth, 1912; Dean, 1935b; Boyce, 1934; Tsiropoulos, 1974; 
Fluke and Allen, 1931). The female apple maggot was shown 
by Fluke and Allen (1931) to require a constant supply of 
water and carbohydrate to maintain life and a nitrogen 
source to support egg production. The qualitative require¬ 
ments of the apple maggot adult for reaching sexual maturity 
have been adequately described by Neilson and McAllen (1965a) 
and Boush et al. (1969). There have been several detailed 
investigations on the relationships between nutrition, hor¬ 
mones, reproductive behavior and maturation of the repro¬ 
ductive system in several Calyptrate Muscoid flies (Orr, 
1964a; 1964b; Bodnaryk and Morrison, 1966; 1968; Belzer, 
1970; Bennettova-Rezabova, 1972; Chaudhury and Ball, 1973; 
2 
Stoffolano, 1974). However, there have been no detailed 
descriptions relating nutrition to the maturation of the 
gonads and accessory reproductive glands, fat body, and 
reproductive behavior of the male and female apple maggots 
or any other Tephritid. Therefore, it seemed that an 
experiment aimed at determining the effect of nutrition on 
the maturation of the gonads and accessory reproductive 
glands, and reproductive behavior of both sexes of apple 
maggot adults was necessary. This was done (Experiment A) 
using a laboratory adapted strain of apple maggots. 
Little has been done to determine the qualitative 
nutritional requirements of the adult apple maggot and how 
this relates to their known biology. The only study to date, 
on the quantitative needs of a Tephritid was that of 
Fytizas (1973) who showed that Dacus oleae given 0.1 mg 
of yeast hydrolysate for 1 days (after protein starvation) 
resulted in the production of 100 eggs over the next 14 days. 
A substantial amount of work, however, has been conducted 
on food intake in other flies, particularly with blowflies 
(Greenberg, 1959; Strangways-Dixon, 1959; 1961; Dethier, 
1961; Gelperin and Dethier, 1967; Belzer, 1970; Greenberg 
and Stoffolano, 1977). During a preliminary laboratory 
study, differences in behavior between field collected 
flies and a laboratory adapted strain of flies were noticed. 
Because of the increased awareness and importance of quality 
control of laboratory-reared insects (Boiler, 1972; Huettel, 
3 
1976; Mackauer, 1976; Chambers, 1977), it was decided that 
a comparison between the laboratory adapted strain and 
field collected flies should be conducted. An experiment 
(Experiment B) was therefore conducted to elucidate how 
the long term intake of sucrose and protein in field 
collected and laboratory adapted apple maggot adults re¬ 
lates to reproductive behavior and the maturation and 
maintenance of the reproductive system of both sexes. 
4 
LITERATURE REVIEW 
The apple maggot, Rhagoletis pomonella (Walsh), 
is native to Eastern North America. Recent reviews have 
covered the bionomics of the apple maggot in New York 
(Dean and Chapman, 1973) and in the Tephritidae in general 
(Christenson and Foote, 1960; Bateman, 1972; Boiler and 
Prokopy, 1976). 
The life cycle of the apple maggot is normally uni- 
voltine. However, in Ontario, Canada, and in Eastern 
Massachusetts (Northborough), a partial second brood regu¬ 
larly occurs each year in very early maturing apple 
varieties (Hall, 1937; Webster, unpublished data). The 
adult emergence period begins in early to mid-June and con¬ 
tinues into September. Adult longevity in nature is esti¬ 
mated to be between 3 and 6 weeks (Caesar and Ross, 1919). 
At emergence the female is not sexually mature, requiring 
a preoviposition period of 7 to 10 days before the first 
eggs are matured and oviposition begins. The eggs are in¬ 
serted through the skin into the flesh of the apple at an 
acute angle. The egg hatches in about 3 days, and the 
small larva then bores into the apple tissue. The larvae 
pass through 3 instars, during which time they bore through¬ 
out the apple. Larval development is completed in 2 to 3 
weeks in favorable hosts and may be prolonged to months in 
5 
less favorable hosts (Dean and Chapman, 1973). When mature, 
the larvae bore to the surface, tear a hole in the skin, 
emerge from the apple and enter the soil, penetrating from 
1 to 2 inches. Once in the soil the third instar larval 
integument shrinks and hardens, forming the puparium within 
which the true pupal stage forms. It then enters a winter 
diapause which normally is completed after pupal exposure 
to low temperature (Neilson, 1962). In some cases the pupae 
may remain in diapause for more than one winter (Oatman, 
1964) . 
A. Adult Nutrition 
Qualitative Food Requirements. Most insects are 
either anautogenous or autogenous. Some insects need only 
a carbohydrate source to reach sexual maturity. Others 
need, in addition, a source of protein and certain vitamins 
and minerals to reach sexual maturity. Glaser (1923) showed 
* 
that the housefly, Musca domestica, will die in 1 or 2 days 
unless it has a source of sucrose on which it can survive 
with normal longevity. However, unless a protein source 
was supplied no egg development occurred. Rasso and 
Fraenkel (1954) showed similar results for the blowfly, 
Phornia regina, and, in addition, showed that B vitamins 
and minerals accelerated egg development. Similar require¬ 
ments were shown for adults of Drosophila melanogaster 
(Sand and King, 1961). Morrison (1964) developed a liquid. 
chemically defined diet for the adult housefly consisting 
of 11 amino acids, a salt mixture (minerals), and 10 vita¬ 
mins plus RNA (yeast). 
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Most Tephritids require a nitrogenous source for 
egg production and carbohydrate for longevity. The apple 
maggot is not sexually mature and is incapable of laying 
eggs at the time of emergence. On the basis of early field 
observations, the preoviposition period was determined to 
be 14 to 24 days (Illingworth, 1912; Okane, 1914; Brittain 
and Good, 1917). Later, these values were lowered to 7 
to 10 days (Caesar and Ross, 1919; Porter, 1928; Dean, 1935b) 
Ovarian development in the apple maggot is dependent 
on proper nutrition. Fluke and Allen (1931) demonstrated 
that protein was necessary for reproduction by rearing 
flies that produced significant numbers of viable eggs on 
a diet of yeast and honey. Dean (1938) determined that the 
adults require a constant supply of water and sugar to main¬ 
tain life while nitrogen-containing food was required for 
« 
ovarian development. Egg production of 330 eggs per female 
was obtained in the most successful tests, with maximum 
survival of 123 days for females and 131 days for males 
(Dean, 1938). Recent work has been done to refine the 
adult artificial diets (Neilson and McAllen, 1964a; 1964b; 
1965a; Boush et al., 1969). Neilson and McAllen (1965a) 
reduced the nutritional requirement of the apple maggot to 
certain amino acids, adding also minerals, salts, and vita- 
7 
mins. They showed that the amounts of fats, vitamins, and 
minerals relative to the amounts of dietary amino acids 
affected adult fecundity. Boush et al. (1969) developed a 
diet based on the constituents found in the honeydew of the 
apple aphid (believed to be a natural food source for the 
apple maggot) which, with the addition of tryptophan, 
cysteine, and cystine, was satisfactory for egg development. 
Tsiropoulos (1974) developed a defined diet for the walnut 
huskfly, Rhagoletis completa, and his results indicated that 
carbohydrate was needed for normal life but couldn't support 
egg production. Ten essential amino acids, as well as a 
mixture of 19 amino acids, were capable of supporting egg 
production. Apparently symbionts furnished adequate 
amounts of tryptophan but not methionine which must be ob¬ 
tained from the diet. Symbionts also supplied most of the 
essential vitamins. In addition, Tsiropoulos showed that 
salts were necessary in the diet for the utilization of 
amino acids needed for egg production. 
Natural Food Source. It has been proposed that the 
natural source of food for many Tephritids is principally 
honeydew (Middlekauff, 1941; Hagen, 1958; Neilson and Wood, 
1966; Boush et al., 1969), with additional food sources 
being glandular secretions of plants, nectar, plant sap from 
trunk, leaf, and fruit injuries or oviposition stings, bac¬ 
teria, yeasts and fungal spores (those principally growing 
on honeydew), insect frass, bird feces, and any other nitro- 
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genous materials that might be found on the surface of the 
leaves and fruit (Caesar and Spencer, 1915; Britton and 
Good, 1917; Caesar and Ross, 1919; Boyce, 1934; Christenson 
and Foote, 1960; Bateman, 1972; Dean and Chapman, 1973). 
Middlekauf (1941) was able to keep adult apple maggot flies 
alive for over a month on rose aphis honeydew, but didn't 
report oviposition. Hagen (1958) (for several Tephritids) 
and Nielson and Wood (1966) (for the apple maggot) obtained 
fertility and fecundity on honeydew comparable to that ob¬ 
tained on formulated purified diets. However, Boush et al. 
(1969) found that diet based on honeydew constituents was 
unsatisfactory for reproductive development of the apple 
maggot unless tryptophan, cystein and cystine were added. 
Analysis of the honeydew showed that all of the 10 amino 
acids termed "essential" for optimum growth rate (Rose et 
al. , 1948) were present except for tryptophan. Boush et al. 
(1969) suggested that microorganisms growing in the honey¬ 
dew may synthesize those amino acids required in the diet of 
the apple maggot but not found in the honeydew. The compo¬ 
sition of honeydew varies with species of aphid and host 
plant (Ewart and Metcalf, 1956). Thus those amino acids 
missing in one honeydew may be present in another. 
On a qualitative basis, it is apparent that honeydew 
can support reproductive development of Tephritids such as 
the apple maggot. However, there is some question of whether 
or not sufficient quantities of honeydew are normally avail- 
9 
able to support the reported large populations of Tephri- 
tid flies (Dean and Chapman, 1973). Honeydew production 
per aphid in 24 hrs has been shown to be between 5.0 and 
8.6 mg per aphid, 80% of the total weight being sugar, the 
remainder being water and nitrogen containing compounds 
(Ewart and Metcalf, 1956). However, Pritchard (1970) re¬ 
ported that there wasn't sufficient food on a single tree 
to support populations of 600 female and 600 male Queens¬ 
land fruit flies, Dacus tryoni, even when a large population 
of aphids and scale insects was present. He suggested that 
the majority of the flies may mature outside the orchard. 
This may also be the case with the apple maggot (Neilson, 
1971). 
Quantitative Food Requirements and Food Intake. 
There is sufficient information on the qualitative needs of 
the apple maggot adult for reaching sexual maturity. How¬ 
ever, little has been done to elucidate the quantitative 
requirements of the adult apple maggot and how this might 
relate to its known biology. The only study to date on the 
quantitative needs of a Tephritid was that of Fytizas (1973) 
who showed that Dacus oleae given 0.1 mg of yeast hydroly¬ 
sate for 1 day (after protein starvation) resulted in the 
recovery of reproduction for a period of 12 to 14 days with 
the production of 100 eggs. The formation and deposition of 
yolk started 2 days after the administration of yeast hydro¬ 
lysate. Oviposition occurred by the fourth day. 
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The only information on the possible quantitative 
needs of apple maggot adults is based on circumstantial 
evidence from trap data. It is assumed that females 
require more food than males since females are attracted 
in greater numbers than males to yellow rectangles which 
represent foliage on which to find food (Prokopy, 1968c) and 
because females require more food than males for egg pro-7 
duction. This evidence, however, doesn't show what the 
actual quantitative requirements for protein and sucrose 
are for the adult. 
A substantial amount of work has been done on food 
intake of other flies, particularly with the blowflies. The 
female blowfly requires a protein meal for vitellogenesis 
to occur. In the male, spermatogenesis is independent of 
feeding (Gowan, 1932), however, development of the acces¬ 
sory reproductive glands requires a protein meal (Stoffolano, 
1974). Reports by Strangways-Dixon (1959; 1961), Dethier 
(1961), Belzer (1970), and Greenberg and Stoffolano (1978) 
showed that, in general, female blowflies selectively in¬ 
creased protein uptake prior to vitellogenesis. Protein 
ingestion increased to a relatively high level during the 
early stages of egg maturation, then declined during vitel¬ 
logenesis and remained low until the next batch of eggs 
was laid. This results in peaks in protein ingestion follow¬ 
ing each oviposition, resulting in a cyclically recurring 
preference for protein. In males, a moderate amount of 
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protein was consumed during the first few days after emer¬ 
gence, then little or no protein was consumed thereafter. 
In addition, females were shown by these reports to consume 
significantly more protein than males. Carbohydrate con¬ 
sumption by females, on the other hand, was low during the 
early stages of egg growth, increased to a high level dur¬ 
ing vitellogenesis and then gradually declined until death. 
Carbohydrate consumption was also low after each oviposi- 
tion. Similar trends were shown with males in carbohydrate 
consumption. Carbohydrates were always taken in greater 
volume than protein by both males and females. Greenberg 
(1959) reported similar results for the housefly, Musca 
domestica. Female intake of protein was shown to be three 
times that of males. The ratio of sucrose intake to protein 
intake was 7:1 in females. There was no difference between 
males and females in sucrose intake. 
B. Development of the Reproductive System 
The development of the reproductive system of 
Tephritids (Acalyptrate Muscoid flies) is dependent on the 
ingestion of protein. In the genus Rhagoletis descriptions 
of the reproductive systems have been made in a number of 
species; R. completa (Boyce, 1934), R. mendax (Lathrop and 
Nickels, 1932), R. pomonella (Harvey, 1890). However, 
little work has been done relating nutrition to either the 
maturation of the components of the reproductive system or 
12 
behavior, in the apple maggot or any other Tephritid. Drew 
(1969) showed that sexual maturity in males of Dacus tryoni 
was correlated with the size of the ejaculatory apodeme. 
Drew, in addition, gave a detailed description of the re¬ 
productive system of both sexes of this species. Illing¬ 
worth (1912) investigated postpupal development of the 
ovaries of the apple maggot under artificial conditions. 
Dean (1935a) made a detailed study of the anatomy and post- 
pupal development of the female reproductive system of the 
apple maggot. Dean (1935a) observed that the ovaries con¬ 
sisted of a variable number of ovarioles both among indi¬ 
viduals and between ovaries within the same individual. The 
smallest numbers of ovarioles found were 17 and 18, and the 
largest numbers were 23 and 26, the mean number being 22. 
Dean (1935a) described 6 developmental stages, which nor¬ 
mally didn't all occur simultaneously within a given 
ovariole. At emergence the ovarioles of the adult female 
possess only germaria from which the presumptive oocytes 
(ooblasts) develop. The follicles pass through 6 stages 
of growth and development as follows: (1) separation of 
follicles from germarium; (2) differentiation of the 
germinal vesicle, day 3; (3) increased growth rate of fol¬ 
licle and appearance of yolk, days 3 to 5; (4) reduction of 
the follicular epithelium over the trophosome, migration of 
micropyle cells, and beginning of vitelline membrane forma¬ 
tion; (5) discharge of nutritive material from the tropho- 
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cytes, days 7 to 8; (6) micropyle formation, secretion of 
the chorion, and completion of vitelline membrane, days 9 
to 10 (some as early as 7 to 8 days). It is during the 
last stage that mating and oviposition generally begins in 
the apple maggot. Dean (1935a) didn't describe the matura¬ 
tion of the accessory reproductive glands (ARG's), the male 
reproductive system, or changes in the fat body, nor did he 
describe how these related to diet and reproductive behavior 
of the apple maggot. 
There have been several investigations on the rela¬ 
tionships between nutrition, hormones, reproductive develop¬ 
ment, and behavior in Calyptrate flies, chiefly in females 
(Orr, 1964a; 1964b; Bodnaryk and Morrison, 1966; 1968; 
Belzar, 1970; Bennettova-fiezabova, 1972; Chaudhury and Ball, 
1973; Stoffolano, 1974). Bodnaryk and Morrison (1966) 
suggested that an adequate protein diet operated principally 
by elevating the total protein content of one or more 
specific protein fractions in the hemolymph to a level 
that would initiate (directly or indirectly) and sustain 
ovarian development in female houseflies. In the blowfly, 
Phormia regina, a critical amount (c.a. 5.8 mg) of protein 
was shown by Orr (1964a) to be necessary for vitellogenesis. 
This amount approximates the minimal amount required for 
ovarian development (Orr, 1964a) . In contrast to Acalyp- 
trate flies of the genus Rhagoletis, which lay their eggs 
singly and develop their oocytes asynchronously, the 
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Calyptrate flies, such as the blowflies, develop and lay 
their eggs in batches. 
Bodnaryk and Morrison (1968) showed that there was 
a near reciprocal relationship between the depletion of a 
blood protein originating from the larval (pupal) fat body 
of the housefly and the accumulation of another blood pro¬ 
tein (sex-specific blood protein) which arose de nova in 
protein-fed females (not in males) and the formation of the 
adult fat body. However, this sex-specific blood protein 
was not present in sucrose-fed females. In addition, 
Bodnaryk and Morrison (1968) showed that the blood protein 
from the larval fat body disappears as soon as the larval 
fat body disappears. Its disappearance was shown to be 
more rapid in sucrose-fed females. Juvenile hormone was 
also shown to regulate fat body lipid metabolism in the 
blowfly (Orr, 1964a; 1964b). 
Stoffolano (1974) investigated the influence of diet 
on the development of the gonads and accessory reproductive 
glands (ARG's) of both sexes of the blowfly, Phormia regina. 
In protein-fed females yolk deposition in the oocytes began 
on day 3 when pupal fat body disappeared and adult fat body 
first became evident. On day 4 the ARG's of the female 
showed a change from a non-defined lumen with granular 
material to a well-defined lumen with clear fluid. Fully 
developed ovaries were present by day 5 when the first batch 
of eggs was laid. The males, on the other hand, had active 
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sperm at the time of emergence. As in females, pupal fat 
body disappeared and adult fat body appeared on day 3 in 
most protein-fed males. On day 4 the ARG's changed from 
possessing a granular material to possessing a clear fluid 
within the lumen. On day 5, when both sexes had fully 
developed reproductive systems, mating occurred. 
On a sucrose diet, Stoffolano (1974) showed that 
the ovaries failed to develop in the females, the ARG's 
failed to develop in both sexes, and no mating occurred. 
There were no apparent differences in changes in the condi¬ 
tion of the fat body between protein and sucrose-fed flies. 
Apparently visual changes in the condition of the fat body 
in both sexes and spermatogenesis in males is independent 
of diet (Stoffolano, 1974). However, the results of Bod- 
naryk and Morrison (1966; 1968) suggest that there may be 
biochemical differences in the condition of the fat body 
due to diet. 
In a related species, Musca autumnalis, mating 
activity was shown to be closely related to ovarian develop¬ 
ment and didn't occur until vitellogenesis had taken place. 
The first matings occurred between 36 and 42 hrs post- 
eclosion, although most mating didn't occur until the females 
possessed almost completely developed ova. Females showed 
decreased mating activity on low protein diets, but mating 
activity in males was not affected, which indicated that the 
protein requirement for males was small (Chaudhury and Ball, 
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1973). It is apparent that changes in the ovaries of 
females, and fat body and ARG's of both sexes are intimately 
correlated with the reproductive biology of Calyptrate flies. 
C. Reproductive Behavior 
When the apple maggot becomes sexually mature, both 
sexes arrive on the fruit, the site of assembly for mating 
and oviposition (Prokopy et al., 1971). The host fruit is 
located by flies already on the host tree on the basis of 
its visual characteristics (Prokopy, 1968c). Few flies of 
either sex arrive on the fruit until they are 7 to 8 days 
old, then the level of assembly, mating, and oviposition 
progressively increases (Prokopy et al., 1972). 
Either sex may initiate the flight which takes it 
to the fruit occupied by a member of the opposite sex. Most 
flights by males are in response to the visual stimulus of 
a female (or male) moving about on the fruit, while those of 
females are primarily in response to the fruit as a poten¬ 
tial oviposition site. Once on the fruit each sex locates 
the other solely through vision (movement of the flies) 
(Prokopy and Bush, 1973a). 
Males initiate copulation attempts, which are fre¬ 
quently initiated while the female is engaged in some phase 
of oviposition behavior. Males will attempt copulation with 
other males as frequently as with females (Prokopy and Bush, 
1973a). In fact, Boyce (1934), under the confined condi- 
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tions of a cage containing mature virgin males and immature 
females of Rhagoletis completa, obtained mating attempts by 
males with 2 day old females. However, in all the observed 
mating attempts up to day 4 the females were observed 
struggling unsuccessfully to prevent copulation. After the 
females were 4 days old they didn't resist mating as vigo¬ 
rously. Once the apple maggots mate they will remain 
incopula (in the laboratory) between 15 and 52 minutes 
(Prokopy and Bush, 1973a). In addition, they mate fre¬ 
quently, thus ensuring high egg fertility (Neilson and 
McAllen, 1965b). 
The assembly of the flies on the fruit for mating 
apparently is not mediated by the action of any pheromones 
attracting either sex from a distance greater than a few 
cm. However, it appears that there is an unidentified 
chemical(s) deposited on the surface of apples and ceresin 
domes by both sexes (but in greater amount by mature fe¬ 
males) causing arriving males to spend up to twice as much 
time on fly-exposed fruit as on unexposed fruit. The re¬ 
sult is male aggregation and higher frequentcy of mutual 
encounters and attempted copulations on fly-exposed fruit. 
Furthermore, this chemical arrestant keeps males in the 
vicinity of females and causes them to spend more time 
"watching" for females (Prokopy and Bush, 1972). In addi¬ 
tion, the odor from virgin male apple maggots has been 
shown to be attractive to virgin females. The exact role 
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of this odor is uncertain (Prokopy, 1975). 
D. Strain Differences 
With the breakdown of the screwworm eradication 
program (Cuellar and Brinklow, 1973; Caiman, 1973), inter¬ 
est was triggered to uncover the causes of this breakdown 
(Smith, 1973; Bushland, 1974; Bush and Neck, 1976) and in 
quality control of laboratory reared insects in general 
(Boiler, 1972; Huettel, 1976; Mackauer, 1976; Chambers, 
1977), particularly in light of the added emphasis on the 
use of biological control agents in integrated control 
programs. One of the problems in mass-rearing programs is 
that quantity is often of overriding consideration. If 
the released insects are to be adequate for competent inter¬ 
action with the target populations, one must retain the 
type and range of variability of essential performance 
traits (dispersal capabilities, adult and larval survival, 
mate location, courtship, mating and oviposition behavior) 
in the mass-reared insects. However, requirements of 
economy, scheduling, and productivity frequently restrict 
the design and conditions of rearing. In addition, a lack 
of recognition of all the components of the natural habitat 
and an incapacity to incorporate them into the rearing 
scheme lead to the development of insect strains in the 
laboratory that differ from the target populations. These 
changes are generally quantitative rather than qualitative. 
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i.e., behavioral thresholds and frequencies are more likely 
to be altered than the traits themselves (Chambers, 1977). 
Intense selection pressure and conditioning under 
the artificial conditions of the mass-rearing process, 
founder effects, inbreeding, and resulting homozygosity of 
the strain alter the behavior of the organisms causing 
possible failures of field releases. Most of the selection 
occurs during the initial stages of colonization when the 
population is forced to accept the artificial and con¬ 
strained environment of the laboratory. This forces the 
culture genetically through a "bottleneck" which alters and 
probably reduces the level of genetic variability of the 
laboratory population (Boiler, 1972). 
Huettel (1976) and Chambers (1977) suggested 
methods for monitoring the quality of laboratory reared 
insects. They suggest that wild populations of the species 
in question should be used in determining the standard of 
quality for laboratory reared populations and that those 
components of their biology and behavior most important 
to their survival should be used. 
It is surprising that so little attention had been 
paid to quality control of laboratory populations of in¬ 
sects, particularly in light of studies such as by Manning 
(1961), who was able to select for fast and slow mating 
strains in Drosophila melanogaster to the extent of partial 
sexual isolation between wild populations. Alley and High- 
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tower (1966) showed that mating behavior of screwworm flies 
was affected by differences in strain and size and that 
certain laboratory-adapted male flies of certain size 
classes, infrequently found in nature, were unsuitable for 
sterile-male releases. 
Recently a number of studies have been made com¬ 
paring laboratory adapted strains to their wild counterparts, 
particularly with Tephritids, which include many economi¬ 
cally important species. For example, laboratory adapted 
Carribean fruit flies, Anastrepha suspensa, showed increased 
fecundity, decreased developmental time, and 6% greater CC>2 
production, indicating equivalent metabolic changes, in 
comparison to a wild strain (Leppla et al., 1976). Rossler 
(1975) showed similar results in a laboratory strain of the 
Mediterranean fruitfly, Ceratitis capitata, with respect to 
wild flies. However, in this case, total egg production was 
the same but was more concentrated. He also showed a loss 
of genetic variability as a result of inbreeding. In the 
tobacco budworm, Heliothis virescens, females of a laboratory 
strain mated more often and oviposited significantly earlier 
than in a wild strain. However, with each successive genera¬ 
tion the response of the field collected strain came closer 
to that of the laboratory strain. In addition, the ovi- 
position pattern was found to be genetically controlled 
(Raulston, 1975). Recently, Prokopy et al. (1976) reported 
that the oviposition-deterring fruit marking pheromone of a 
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of a laboratory adapted population of apple maggots was less 
effective than that from a wild population. 
It is important to be aware of the quality of 
laboratory strains of Rhagoletis spp., particularly with 
respect to reproductive behavior, since that is so impor¬ 
tant in insuring precopulatory reproductive isolation and 
reproductive success in these species (Bush, 1966; 1969; 
Prokopy and Bush, 1973a). However, at present, no detailed 
comparison has been made between a laboratory adapted strain 
and a wild strain of apple maggot. Before any valid con¬ 
clusions can be made about results obtained from laboratory 
adapted populations of apple maggots, one must know if and 
how these flies differ from their wild counterparts. 
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MATERIALS AND METHODS 
Experiment A 
Rearing. A laboratory adapted strain of apple 
maggot adults was maintained in a rearing room at 25-2°C, 
60±5% rh, and constant light. Adults had free access to 
water, sucrose, and yeast hydrolysate which served as the 
protein source. Apples served both as the oviposition 
medium and medium for larval development. Pupae and apples 
containing developing larvae were maintained at 25±2°C 
under constant light to avoid diapause induction. 
Effect of diet on development. The experiment was 
conducted at 25±2°C, 60±5% rh, and a 15 h photophase. To 
determine the effect of protein on development of the repro¬ 
ductive system, adults were presented either with a protein 
free diet consisting solely of sucrose or a protein diet of 
sucrose and yeast hydrolysate in a 4:1 ratio. Observations 
on mating and oviposition behavior were made daily through¬ 
out the course of the experiment. 
Measurements of the ovaries and ARG's. Adult flies, 
starting from day 1 (newly eclosed to 12 h) until day 15, 
3 
were removed daily from the experimental cages (30cm cages, 
each containing about 200 flies) and dissected in insect 
saline (Normann and Duve, 1969). All measurements were 
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made in. situ either with a dissecting or a compound micro¬ 
scope using an ocular micrometer. The length and width of 
ovaries (right and left) of the females were measured while 
follicular measurements were made on the total length of the 
5 largest terminal follicles in each ovary. The ovaries 
were characterized by the presence or absence of yolk. 
Diagrams of the male and female accessory reproductive 
glands (ARG's) and portions measured are shown in Figs. 1 
and 2, respectively. The ARG's of both sexes were examined 
under phase contrast microscopy and were classified as hav¬ 
ing either granular material or clear fluid inside them. 
The ARG's in both sexes were classified either as being well 
developed if they possessed a well-defined lumen with clear 
fluid or undeveloped if they had a non-defined lumen with 
granular material. In the females, the well developed 
ARG's had only a partial covering of fat body while un¬ 
developed ARG's were nearly completely enveloped in fat 
body. The presence or absence of pupal and adult fat body 
was noted in all flies examined. 
Experiment B 
Rearing. A laboratory adapted strain of apple 
maggots (=lab flies) obtained from Geneva, N.Y., and reared 
for about 15 generations on Red Delicious apples in our 
laboratory (and 15 generations at Geneva, N.Y.) was used in 
this study. The adults were maintained at 25±2°C under 
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Fig. 1. Diagram of the accessory reproductive 
glands (ARG's) and testes of a male apple maggot showing the 
two largest tubules of the ARG that were measured. The line 
(A) represents the line along which measurements of the 
total width and lumen width of the ARG's were made. Arg = 
Accessory reproductive gland Ejd = Ejaculatory duct Tes = 




Fig. 2. Diagram of an accessory reproductive gland 
of a female apple maggot showing the portions measured. 
W = width, L = length. 
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constant light and 60^5% rh in large 30 cm^ cages. The 
adults were given a diet of sucrose and yeast hydrolysate 
in a 4:1 ratio on strips of filter paper hung in the cages. 
Water was supplied in containers with moist Absorbol wicks. 
Mature larvae, after leaving the apples, were allowed to 
pupate in moist sand, floated out of the sand with water, 
and stored at 25^2°C under constant light for adult 
eclosion. 
Field collected apple maggot adults (=wild flies) 
were obtained from pupae collected from apples in Wisconsin. 
The pupae were stored for 4 months at 2°C in order to break 
diapause before being placed at 25±2°C under a 15 h photo¬ 
phase for adult eclosion (Prokopy, 1968a). 
Feeding experiment. The experiment was conducted 
at 25±2°C and 60±5% rh under a 15 h photophase in a tempera¬ 
ture controlled room. The long term food intake of apple 
maggot adults was determined by the following procedure: 
the flies were presented with diets of either sucrose along 
(S), a nitrogen source of yeast hydrolysate (=protein, P) 
and sucrose (S) on separate coverslips (S,P), or sucrose 
and yeast hydrolysate combined in a 4:1 ratio (S+P) on 
2 q 
1.5 cm coverslips on the bottom of 15 cm plexiglass cages. 
The solutions were placed on the coverslips in a slurry (1 
drop), dried in an oven at 60°C for 3 hours, and weighed, 
before being placed in the cages. At 3 day intervals, from 
day 3 to 45 post-emergence, the coverslips of food were 
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replaced by new ones, dried again in an oven and re-weighed. 
The difference in weight was the 3-day, dry-wt. food in¬ 
take of the flies. Evaporation controls, which were run 
concurrently, showed no difference in weight between weigh¬ 
ings and were therefore not used in the calculations of 3- 
day intake. The 5 treatments used, exclusive of the eva¬ 
poration controls, for both wild and lab flies were as 
follows: 1. (S;¥?); 2. (S,P;??); 3. (S,P;<5d); 4. (S,Pc$?); 
5. (S+P;<5?). Each treatment, replicated 4 times, was ini- 
tially begun with 16 teneral flies (0-12 h) per cage. Equal 
numbers of each sex were used in treatments 4 and 5. All 
dry-wt. food intake data is presented either as mg intake/ 
fly or mg intake/mg fly. The mean dry-weights (see Appendix, 
p. 75 ) of protein-fed male and female wild and lab flies 
were 1.73 mg, 2.96 mg and 1.89 mg, 3.07 mg, respectively. 
Behavioral observations. Observations on repro¬ 
ductive behavior (mating, oviposition, number of flies on 
ceresin domes) were made 8 times daily at 1 h intervals, 
4 each in the morning and afternoon, from days 1 to 21. All 
data on mating and assembly on ceresin wax oviposition domes 
(artificial apples, Prokopy and Boiler, 1970) was standard¬ 
ized to 8 pairs and 16 flies, respectively, and presented 
as daily totals. Egg production was determined by daily 
placing 3 ceresin domes into each cage and counting the 
eggs oviposited in them. The data were presented as the 
3-day mean egg production per female. The flies had free 
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access to water in moist Absorbol wicks which were changed 
every 3 days. Any dead flies were counted, sexed, and 
removed from the cages daily throughout the experiment. 
Statistical analysis. All data was subjected to 
analysis of variance and Duncan's New Multiple Range Test 




Ovaries. The changes in lengths of the ovaries 
of sucrose and protein-fed females during the first 15 days 
post-emergence, are shown in Fig. 3. The mean length of 
the ovaries increased slowly in protein-fed females until 
day 6, then more rapidly until day 12 when mature ovaries 
were found in most flies examined. Nearly identical rela- 
tionships occurred with mean widths of the ovaries (see 
Table 4 in Appendix), which ranged from 0.30 mm on day 1 
to a maximum width of 1.31 mm in 14 day old females. The 
increase in mean follicle length in protein—fed females was 
very similar to that of the ovaries (Fig. 4A). In newly 
emerged females (0—24 h) the follicles hadn't differentiated 
from the germaria, thus no measurements could be made. In 
sucrose-fed females ovary development was nearly identical 
to that in protein-fed females up to day 5, after which the 
ovaries increased in size very slowly in comparison to the 
protein-fed females, reaching a maximum mean length of only 
0.71 mm in 14 day old females (Fig. 3B). The change in size 
of the mean widths of the ovaries followed trends similar to 
changes in ovary length, ranging from 0.30 mm in those 
females less than 24 h old to 0.59 mm in 14 day old sucrose- 
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Fig. 3. Change in length of the ovaries of (A) 
protein-fed females and (B) sucrose-fed females. Measure¬ 
ments represent the ranges and means of both the left and 
right ovaries of 5 females per day. The i indicates first 
point of yolk deposition. 
Fig. 4. Change in length of the follicles of (A) 
protein-fed females and (B) sucrose-fed females. Measure¬ 
ments represent the ranges and means of the 5 largest 
terminal follicles of the left and right ovaries of 5 
females per day. 
Fig. 5. Change in length of the accessory repro¬ 
ductive glands (ARG's) of (A) protein-fed females and (B) 
sucrose-fed females. Measurements represent the ranges and 
means of the left and right ARG's of 5 females per day. 
Fig. 6. Change in overall width ■ • and 
lumen width o-o of the accessory reproductive glands 
(ARG's) of (A) protein-fed males and (B) sucrose-fed males. 
Measurements represent the means of the left and right ARG's 













































fed females (Table 4, Appendix). The increase in mean 
follicle length also followed trends very similar to that 
of the ovaries (compare Figs. 3B and 4B). 
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Yolk deposition in protein-fed females was first 
observed on day 6 in follicles that were between 0.17 and 
0.18 mm in length, and was found in the majority of the 
ovaries examined by day 7 when the first fully developed 
oocyte (1.05 mm in length) was found (Table 1). However, 
it wasn t until day 10 that many fully developed oocytes 
were present in the ovaries. Once yolk deposition began 
there was a rapid concurrent increase in follicle and ovary 
size in the protein-fed females. Maximum size was attained 
around day 12. Yolk deposition in sucrose-fed females was 
first observed in a few follicles in 2 females on day 7. 
However, yolk deposition was not observed to the same ex¬ 
tent m sucrose-fed females as in protein-fed females, 
except on day 14 (Table 1). in addition, no fully developed 
oocytes were found, although a few found in some 13 to 15 
day old females were nearly mature. In another study 
(Experiment B) a few eggs were produced on a protein free 
diet. Furthermore, a few of the 13 to 15 day old sucrose- 
fed females had ovaries that hadn't matured beyond that of 
a 2 to 3 day old protein-fed female. 
Female accessory reproductive glands. The change 
m size of the accessory reproductive glands (ARG's) of 
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in size of the ovaries and follicles (compare Figs. 3, 4, 
and 5). On day 6 when the first well developed ARG's were 
found in protein-fed females the ARG's began to increase in 
size at a faster rate. The ARG's reached maximum size by 
day 10 when all examined possessed well-defined lumens 
(Fig. 5A and Table 1). Mean widths changed in size simi¬ 
larly, ranging from a mean of 0.1 mm on day 1 to 0.32 mm 
by day 12 (Table 4, Appendix). Little change in size or 
condition of the ARG's occurred in protein-fed females after 
day 10. Females having ovaries with yolk deposition had 
well-developed ARG's while those females with undeveloped 
ovaries with little or no yolk had undeveloped ARG's. In 
sucrose-fed females, ARG development was similar to that of 
protein-fed females to day 5 (Fig. 5B); but after day 5, 
ARG development was slower than that of protein-fed flies. 
Only those sucrose-fed females that had ovaries with fol¬ 
licles in an advanced stage of development had ARG's with 
well-defined lumens (Table 1). 
Female spermathecae and fat body. Pupal fat body 
disappeared and adult fat body first became evident on day 
6 in protein-fed females and on day 5 in sucrose-fed females 
(Table 1). 
Examination of protein and sucrose-fed females 
showed no difference in the number of flies that possessed 
sperm in their spermathecae (Table 1). No sperm were present 
in the spermathecae of sucrose and protein-fed females until 
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day 7. By day 11, the majority of the protein and sucrose- 
fed females possessed sperm in the spermathecae. Further¬ 
more, sperm were present in spermathecae irrespective of 
ovarian development. Some sucrose-fed females had sperm in 
their spermathecae even though their ovaries hadn't matured 
beyond that of a 2 day old protein-fed female. 
The first observed mating attempt was on day 5 for 
protein-fed females and day 6 for sucrose-fed females. Few 
flies of either sex arrived on the apples until between days 
5 and 6 in the protein-fed flies and between days 6 and 7 
in the sucrose—fed flies. The level of assembly, mating, 
and oviposition then progressively increased until about day 
12. However, fewer sucrose-fed flies were observed on the 
fruit and fewer oviposition attempts were observed (11 vs 
57 in protein-fed females). 
Males. There were only slight differences in the 
maturation of the reproductive system between the protein 
and sucrose-fed males (Fig. 6; Table 2). The sucrose-fed 
males exhibited somewhat slower ARG development than the 
protein-fed males. The majority of the protein-fed males, 
examined on day 6, possessed ARG's with well-defined lumens 
and clear fluid. This was not the case until day 7 in the 
sucrose-fed males, although one sucrose-fed male had ARG's 
in this condition as early as day 4 (Table 2) 
Squash preparations of the testes revealed that 















































































































































































day of eclosion. Adult fat body became evident on day 6 




A. Food Intake.'*' 
Three-day intake of protein and sucrose by male and 
female wild flies and male lab flies was significantly in¬ 
fluenced (P<.05) by the age of the flies. However, intake 
of protein and sucrose by lab females was not influenced 
by age (Tables 5, 6, 7, and 8, Appendix). 
Three-day intake of protein by wild females de¬ 
creased about 30% during the first 2 weeks, then remained 
at a lower level (about 70% of the first week's intake) to 
day 45 (Fig. 7A). There was no significant change in 3-day 
intake of protein by lab females, although protein intake 
did gradually increase (about 30%) during the first 36 days 
(Fig. 7B). Three-day intake of protein by wild and lab 
males decreased about 20% and 60% respectively, then re¬ 
mained near this level until day 45 (Fig. 7; Table 8, Appen¬ 
dix) . Total and 3-day protein intake by wild and lab 
females was significantly greater than that of the males 
even when compared as mg intake/mg fly (Treatments 2 and 3, 
1A11 results represent mean values for a population 
of 64 flies. 
Fig. 7. Long-term intake of sucrose and protein of 
protein-fed males and females and sucrose-fed females. (A) 
Wild flies. (B) Lab flies. Each point represents the mean 
3-day intake per fly measured on that day. • sucrose, 
o protein, « protein-fed males, ..—* protein- 




Table 3; Fig. 7). 
Three-day intake of sucrose by protein-fed wild 
females decreased about 20% during the first 3 weeks, then 
remained near this lower level until day 45 (Fig. 7A). 
There was no significant change in 3-day intake of sucrose 
by lab females (Fig. 7B). Three-day intake of sucrose by 
wild and lab males decreased about 30% during the first 3 
weeks, then remained near this lower level thereafter, al¬ 
though in wild males there was much variability in 3-day 
intake of sucrose after day 21 (Fig. 7; Table 8, Appendix). 
Three-day intake of sucrose by wild and lab females fed only 
sucrose declined about 30% during the first 3 weeks, then 
remained at a lower level until day 45 (Fig. 7). The decline 
in sucrose intake was more rapid than in protein-fed females, 
resulting in a significantly lower (P<.05) total sucrose 
intake by sucrose-fed females (Treatments 1 and 2, Table 3). 
Total and 3-day sucrose intake by wild and lab females was 
significantly greater (P<.05) than that of the males (Treat¬ 
ments 2 and 3, Table 3; Fig. 7). However, when compared as 
mg intake/mg fly total sucrose intake of wild females was 
not significantly different from that of wild males (Treat¬ 
ments 2 and 3, Table 3). Total and 3-day sucrose intake of 
both sexes of the wild and lab flies was significantly 
greater than that of protein (Treatments 2, 3, and 4, Table 
3; Fig. 7). 
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and lab flies in treatment 4 were not statistically dif¬ 
ferent from the additive values of the predicted male and 
female intakes for protein and sucrose, showing that be¬ 
havioral interactions between males and females have no 
influence on food intake (Table 3). 
B. Behavioral Observations 
There was some concern whether the adults would 
feed on yeast hydrolysate when it was separate from sucrose 
in the 2 choice treatments. Thus a treatment in which 
yeast hydrolysate was combined with sucrose (S+P) was used. 
The results, however, show that the method of presentation 
of the diet did not influence either fecundity or reproduc¬ 
tive behavior in the apple maggot. Compare treatments 4 and 
5 in Figs. 8, 9, and 10, and Table 3. 
Egg production. Egg production by protein-fed wild 
flies began between days 6 and 12 (mean 9.25 days, pooled 
data of treatments 2, 4, arid 5), reached a maximum between 
days 21 and 36 and then declined thereafter (Fig. 8A). The 
onset of egg laying by sucrose-fed females, which was sig¬ 
nificantly later (P<.05) than in protein-fed females, began 
between days 12 and 17 (mean 14.0). One replicate showed 
no egg production at all (Fig. 8A; Table 9, Appendix). The 
first eggs were laid by protein-fed lab flies between days 
5 and 8 (mean 6.75, pooled data of Treatments 2, 4, and 5), 
which was significantly earlier than in the wild flies. 
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Fig. 8. Egg production by (A) wild females and (B) 
lab females given different diets and with or without males. 
Each point represents the mean 3-day egg production per 
female measured on that day. S = sucrose, P = protein, 
S+P = sucrose + protein combination. 












Maximum egg production occurred between days 15 and 33, then 
declined steadily thereafter (Fig. 8B). As with the wild 
flies, the onset of egg laying by sucrose-fed lab females, 
which began between days 9 and 11 (mean 9.75), was delayed 
significantly (P<.05) from that in protein-fed females 
(Fig. 8B; Table 9, Appendix). 
There were no significant differences among wild 
females of protein treatments 2, 4, and 5 in total 45 day 
egg production. The same was true of the lab females. This 
shows that behavioral interactions (mating) among males and 
females had no influence on fecundity (Table 3). Recent 
investigations by Prokopy and Bush (1973b) and Neilson and 
McAllen (1965b) showed similar results and suggest that the 
frequent mating observed for the apple maggot ensure high 
egg fertility. Total 45 day egg production by wild and lab 
sucrose-fed females was very low in comparison to that of 
protein-fed females (Table 3). 
Mating. The first mating attempts by protein-fed 
flies were observed between days 5 and 10 (mean 7.0 days, 
pooled data of Treatments 4 and 5) by the wild flies and 
between days 3 and 7 (mean 5.0 days, pooled data of Treat¬ 
ments 4 and 5) by the lab flies, after which the number of 
observed mating pairs progressively increased until about 
day 14 in the wild flies and day 11 in the lab flies, then 
the number leveled off (Fig. 9; Table 9, Appendix). Due to 
an insufficient number of available flies, a comparison of 
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Fig. 9. Mean number of mating pairs of (A) wild 
flies and (B) lab flies observed each day in treatments 4 
and 5. All values standardized to 8 pairs of flies per 
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mating between sucrose and protein-fed flies was not feas¬ 
ible. However, in Experiment A, it was shown that mating 
was not adversely affected by diet under laboratory condi¬ 
tions in the lab flies. Mating by immature female apple 
maggots in that study was probably an artifact, resulting 
from their confinement with behaviorally mature males in 
the crowded, unnatural conditions within the cages. 
Arrival of flies on ceresin domes. Few flies of 
either sex arrived on the ceresin domes until between days 
9 and 10 in the wild flies and days 6 and 7 in the lab flies; 
then the level of assembly on the domes progressively in¬ 
creased to about day 14 before leveling off (Fig. 10). 
These results are similar to those of Prokopy et al. (1971; 
1972) for field studies with the apple maggot. 
In the protein-fed wild and lab flies, more virgin 
females were observed on the ceresin domes than virgin males, 
particularly with respect to the lab flies (Fig. 10). How¬ 
ever, the difference between the total number of virgin 
males and females observed on the ceresin domes was not 
significantly different (P<.05) (Treatments 2 and 3, Table 
3). In both strains of apple maggots, significantly more 
flies (P<.05) were observed on the ceresin domes when both 
sexes were together than when the sexes were virgin and 
alone. Compare treatments 2 and 3 vs 4 and 5 in Fig. 10 
and Table 3. This difference was probably due to a chemical 
arrestant deposited by the apple maggots on the surface of 
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Fig. 10. Number of (A) wild flies and (B) lab flies 
fed different diets and observed daily on ceresin domes in 
each treatment. All values standardized to 16 flies per 


















































the ceresin domes. This arrestant functions in male ag¬ 
gregation resulting in a higher frequency of mutual en¬ 
counters and mating attempts on the ceresin domes or host 
fruit (Prokopy and Bush, 1972). A comparison with the 
number of virgin, sucrose-fed females and virgin, protein- 
fed females observed on the ceresin domes shows that fewer 
sucrose-fed females arrive on the domes (Fig. 10; Table 3). 
However, only in the lab females was the difference signifi¬ 
cant . 
C. Strain Differences 
In almost all parameters investigated (food intake, 
fecundity, mating, and arrival of flies on ceresin domes) 
there were significant differences (P<.05) between the wild 
and lab flies (Figs. 7, 8, 9, and 10; Table 3). The onset 
of reproductive behavior (mating, oviposition, and arrival 
on ceresin domes) was about 2 days earlier in the lab flies 
(Table 9, Appendix). Total protein intake, fecundity, total 
number of mating attempts, and the total number of flies ob¬ 
served on the ceresin domes were approximately 2.3 times 
greater (pooled data) in the lab flies (Table 3). Small 
differences occurred between wild and lab flies only with 
respect to (S+P) and sucrose intake by both sexes and pro¬ 




The reproductive behavior of both sexes of the apple 
maggot was shown to be intimately correlated with ovarian 
and ARG development, and changes in the fat body. Protein 
was required by the female to ensure complete maturation of 
the ovaries and ARG's and for normal reproductive behavior. 
A protein free diet resulted in a drastic slowing in ovarian 
and ARG development after day 5 in females. Spermatogene¬ 
sis, however, was independent of diet and little protein 
was required for ARG development by the male apple maggot. 
Mating behavior in the male was apparently not affected by 
diet. 
Results of this investigation showed that in protein- 
fed females, the ovaries, follicles, and ARG's increased in 
size slowly until day 6 when yolk deposition began, then 
there was a rapid concurrent increase in the size of these 
structures until about day 12. However, fully developed 
oocytes were present in the ovaries as early as day 7 when 
oviposition attempts were first observed. These results 
agree with the preoviposition period of 7 to 10 days reported 
for the apple maggot by Caesar and Ross (1919), Porter (1928), 
and Dean (1935b) and for ovary development by Dean (1935a). 
In addition, on day 6, pupal fat body disappeared, adult fat 
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body first appeared, and the first well developed ARG's 
appeared in the protein-fed females. At this time (day 
6), the level of assembly on fruit, mating, and oviposi- 
tion by protein-fed flies progressively increased until 
about day 12, when most flies had fully developed repro¬ 
ductive systems. The relationships between pupal and adult 
fat body, yolk deposition, ARG development, and reproduc¬ 
tive behavior in protein-fed female apple maggots are simi¬ 
lar to those reported for female blowflies by Orr (1964a; 
1964b), Bennettova-Rezabova (1972), Belzer (1970), and Stof- 
folano (1974). 
In sucrose-fed females, ovary, follicle, and ARG 
development were nearly identical to that of protein-fed 
females up to day 5, then little further development occurred. 
Yolk deposition, however, did begin as early as day 7 in a 
few sucrose-fed females. Yet some 15 day sucrose-fed fe¬ 
males still possessed ovaries that hadn't matured beyond 
a 2 to 3 day old protein-fed female. It was only those 12 
to 15 day old females that had ovaries with a few follicles 
in an advanced stage of development that had well developed 
ARG's. These results show that the female apple maggot 
y 
requires protein for the complete maturation of its repro¬ 
ductive system and for full reproductive potential. However, 
some advanced stage follicles were present in a few females 
and a few eggs were produced on a protein free diet in 
Experiment B. This could have been the result of contamina- 
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tion or some protein and vitamin transfer from immature 
stages to the adult (Tsiropoulos, 1974). In the blowfly, 
on the other hand, ovary development and oviposition will 
not occur on a protein free diet (Orr, 1964a; 1964b; 
Bennettova-Rezabova, 1972; Stoffolano, 1974). The blowfly, 
which lays its eggs in batches, requires a critical amount 
(c.a. 5.8 mg) of protein, approximating the minimal amount 
required for ovary development, in order for vitellogenesis 
to occur (Orr, 1964a). This, however, is apparently not 
the case for the apple maggot, which lays its eggs singly 
in the host fruit. 
The visual changes in the fat body seemed to be 
independent of diet in both sexes of the apple maggot. 
In addition, adult fat body appeared one day sooner in the 
sucrose-fed flies. Similar results were reported by Stof¬ 
folano (1974) for the blowfly and by Bodnaryk and Morrison 
(1968) for the housefly. These reports showed that pupal 
fat body disappeared more rapidly in females on a protein 
free diet. In addition, Bodnaryk and Morrison (1968) showed 
that a sex-specific blood protein associated with the adult 
fat body was not found in females on a protein free diet. 
Therefore, even though the visual changes of the fat body 
of the apple maggot seem to be independent of diet, the 
fat bodies on the different diets may be biochemically dif¬ 
ferent . 
There was not much difference between protein and 
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sucrose-fed flies in the onset of assembly on fruit and 
mating. However, fewer females were observed to ovi¬ 
posit and arrive on the fruit, probably because their repro¬ 
ductive systems were not fully developed. Curiously, mat¬ 
ing, particularly in sucrose-fed females, occurred irre¬ 
spective of ovary development. This is very different from 
most Calyptrate flies, in which mating will not occur unless 
the females are sexually mature (Chaudhury and Ball, 1973; 
Stoffolano, 1974). A possible explanation for this is as 
follows: In nature few apple maggots of either sex arrive 
on the host fruit, the site of assembly for mating and ovi- 
position, until they are sexually mature (7 to 8 days old). 
Then the level of assembly, mating, and oviposition pro¬ 
gressively increases (Prokopy et al., 1971; 1972). In the 
apple maggot and other Rhagoletis spp., mating is initiated 
by the male (Prokopy and Bush, 1973a; Boyce, 1934). However, 
Boyce (1934), under the confined conditions of a cage con¬ 
taining mature virgin males and immature females of Rhago¬ 
letis completa, obtained mating attempts by males with 2 
day old females. The females were observed to resist all 
mating attempts up to day 4 but not thereafter. Therefore, 
under the confined conditions within a cage a mature male 
apple maggot may initiate mating with a female even if it 
is sexually immature. The results of the present study 
indicate that mating behavior by males was not adversely 
affected by diet. Mating by immature female apple maggots 
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in this study was, therefore, probably an artifact, result¬ 
ing from their confinement with behaviorally mature males 
in the crowded, unnatural conditions within the cages. 
Chaudhury and Ball (1973) also reported that mating activity 
in males of the facefly, Musea autumnalis, wasn't affected 
by diet. Tobin (Pers. Comm.) reported that a small per¬ 
centage of sucrose-fed males of Phormia regina (20% vs 80% 
in protein-fed males) mated even though a protein meal is 
required for the complete maturation of the ARG's (Stoffo- 
lano, 1974). 
Spermatogenesis was shown to be independent of diet 
in the apple maggot. Mackerras (1933) and Stoffolano (1974) 
reported similar findings for blowflies. In addition, there 
were only slight apparent differences in the maturation of 
the ARG's between the sucrose and protein-fed males. This 
indicates that little protein is required by the male apple 
maggot for the complete maturation of the reproductive sys¬ 
tem. This was substantiated by another study which showed 
that the male consumed only a small amount of protein, par¬ 
ticularly in comparison to that of females (See Experiment 
B, Fig. 7 and Table 3). It was suggested by Stoffolano 
(1974) that in addition to the need for ARG development 
in the male blowfly, protein was needed to activate the 
endocrine centers that influence ARG development. This may 
be the situation for the male apple maggot, since little pro¬ 
tein is apparently required to mature its reproductive system. 
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The role of the ARG's of the male apple maggot in 
reproduction isn't known. In other insects the function of 
the ARG secretions is almost as diverse as the insects them¬ 
selves (Leopold, 1976). The biological function of the ARG 
secretions in the blowfly, Phormia regina (Stoffolano, 1974) 
housefly, Musca domestica (Riemann and Thorson, 1969), fruit 
fly. Drosophila melanogaster (Burnet et al., 1973), and the 
mosquito, Aedes aegypti (Craig, 1967) is to induce oviposi- 
tion in gravid females and cause a loss of further recep¬ 
tivity to mating in females. This is apparently not the 
function of the ARG secretions of the male apple maggot, 
where mating is frequent and not stimulatory of either 
fecundity or oviposition behavior (Neilson and McAllen, 
1965b; Prokopy and Bush, 1973b; Experiment B, Table 3). The 
ARG fluid may ensure survival of the sperm, thus ensuring 
high egg fertility. However, until the chemical nature of 
the male ARG secretions is determined, and a comparison is 
made of the fertility of females mated with males given 
either protein or protein free diets, the function of the 
male ARG's and the importance of protein in the diet of the 
male apple maggot will remain uncertain. 
Experiment B 
The intake of protein and sucrose by both male and 
female apple maggot adults was highest during week 1, de¬ 
creased slightly during weeks 2 and 3, and then remained at 
61 
a lower level until the end of the experiment (day 45). 
These changes in food intake (protein in particular) were 
associated with the maturation of the reproductive system 
and changes in reproductive behavior of the adults. Fe¬ 
males consumed much greater amounts of protein and more 
sucrose than males, reflecting the greater requirement for 
protein for egg production and sucrose to support the 
greater biomass of the females. In addition, there were 
« 
significant quantitative differences in almost all parame¬ 
ters investigated between the wild and lab flies. The 
degree of difference between the two strains of flies for 
each parameter investigated was very similar, suggesting 
that protein intake, fecundity, and reproductive behavior 
are very closely related physiologically in the apple maggot 
adult. 
Intake of protein and sucrose by male and female 
apple maggot adults were significantly influenced by age 
and followed similar trends, decreasing (slightly) during 
the first 2 to 3 weeks, then remaining at a lower level 
until the end of the experiment (day 45). Only in lab 
females was intake of protein and sucrose not influenced by 
age. These results appear to be similar to the overall 
trends in long term intake of protein and sucrose for Calyp- 
trate flies (Dethier, 1961; Gelperin and Dethier, 1967; 
Greenberg and Stoffolano, 1978). 
In wild females, a slightly greater protein prefer— 
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ence associated with the pre-reproductive phase of develop¬ 
ment was suggested. Protein intake of the wild females 
decreased (c.a. 30%) concurrently with the maturation of 
the reproductive system, reached its lowest level when 
maximum egg production was attained, and then remained at 
a lower level thereafter. Once the females became sexually 
mature, they still fed on a substantial amount of protein 
and sucrose. In the lab females, on the other hand, there 
didn't seem to be any change in protein consumption asso¬ 
ciated with the maturation of the reproductive system. 
* 
Protein intake by the lab females remained at about the same 
level throughout the experiment. The cyclically recurring 
preference for protein associated with the maturation of the 
reproductive system and oviposition in the blowfly (Strang- 
ways-Dixon, 1961; Dethier, 1961; Belzer, 1970) was not indi¬ 
cated for the apple maggot. This result is not unexpected, 
since the blowflies lay several batches of 80 to 100 eggs 
each, while the apple maggot lays its eggs singly (c.a. 
10 eggs/day during maximum egg production). 
A slightly greater protein preference associated 
with the maturation of the male reproductive system was 
also suggested for the wild and lab males. This was not 
unexpected, since, in addition to the small requirement of 
protein for ARG development (See experiment A), a protein 
meal may be needed to activate the endocrine centers that 
influence ARG development (Stoffolano, 1974). This may 
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result in a slightly greater consumption of protein before 
the males become sexually mature. However, field and 
laboratory studies (using field collected flies) fail to 
suggest any kind of protein preference for either the male 
or female apple maggots before they become sexually mature 
(Prokopy, 1968c; Prokopy et al., 1971; 1972). 
Female apple maggots consumed far greater amounts 
of protein and more sucrose than males. This may be the 
reason why more females than males are attracted to the 
yellow rectangles, which represent foliage on which to find 
food (Prokopy, 1968c), particularly when the traps are 
baited with yeast hydrolysate (Prokopy, 1968c; Moore, 1969). 
In addition, normal fecundity and reproductive behavior was 
achieved only on the protein diets demonstrating the require¬ 
ment for protein in the diet of the female to support egg 
production and normal reproductive behavior. Protein in¬ 
take by several Calyptrate flies is also greater in females 
(Greenberg, 1959; Dethier, 1961; Belzer, 1970; Greenberg and 
Stoffolano, 1978) which require a protein meal for vitello¬ 
genesis (Rasso and Fraenkel, 1954; Harlow, 1956; Orr, 1964a; 
Stoffolano, 1974), but not for spermatogenesis in the males 
(Cowan, 1932; Mackerras, 1933; Chaudhury and Ball, 1973; 
Stoffolano, 1974). Male apple maggots also require no pro¬ 
tein for spermatogenesis and only a small amount for the 
maturation of their reproductive system (See Experiment A), 
which was reflected by the small protein intake by the males 
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in this study. 
Female apple maggot adults consumed more sucrose 
than males. Similar results were shown for female blow¬ 
flies by Dethier (1961) and Greenberg (1974). In the blow¬ 
fly, the higher sucrose consumption by females was attribu¬ 
ted to a higher level of locomotor activity and body metabo¬ 
lism, exhibited by higher respiratory rates in females 
(Calabrese and Stoffolano, 1974). However, when the weight 
of each sex of the apple maggot was taken into account, only 
small differences were shown between sucrose intake by males 
and females. This shows that the greater sucrose consump¬ 
tion by females may reflect the greater energy requirements 
of general maintenance and activity needed to support the 
larger biomass of the females. 
This study shows that the total quantity of protein 
and sucrose consumed by apple maggot adults, particularly by 
females, was quite substantial (Table 1). However, a 
paucity of honeydew, the natural source of food for the 
apple maggot (Middlekauf, 1941; Neilson and Wood, 1966; 
Boush et al., 1969) in orchards supporting large popula¬ 
tions of apple maggots has often been observed (Dean and 
Chapman, 1973). A report by Ross et al. (1977) indicated 
that unhydrolysed protein was undigestable and that the 
apple maggot must ingest free amino acids. Furthermore, 
one day's exposure of Dacus oleae females to yeast hydroly¬ 
sate (0.1 mg) supported the production of 100 eggs over the 
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next 14 days (Fytizas, 1973). All these findings suggest 
that the quantity of food utilized by the apple maggots 
may be less than the actual amounts consumed in this study. 
Strain differences. There have been substantial 
physiological and associated behavioral changes in the 
laboratory adapted apple maggots in comparison to their wild 
counterparts. These changes were quantitative rather than 
qualitative. The lab flies showed increased fecundity, 
reproductive behavior, and decreased developmental times 
in comparison to the wild flies. The results for the wild 
flies, however, were consistent with results of both field 
and laboratory studies using field collected flies (Prokopy, 
1968b; 1968c; Prokopy et al., 1971; 1972; Prokopy, 1972; 
Prokopy and Bush, 1973a). Similar results have recently 
been shown in comparisons between wild and lab strains m 
the Caribbean fruit fly, Anastrepha suspensa (Leppla et 
al., 1976), the Mediterranean fruit fly, Ceratis capitata 
(Rossler, 1975), and the tobacco budworm, Heliothis virescens 
(Raulston, 1975). 
Of particular interest is the very similar degree 
of difference between the lab and wild flies in protein 
intake, fecundity, mating, and the number of flies on the 
ceresin domes. Note, in particular, the similar degree of 
difference in protein intake and fecundity of the females 
in Table 3. These results strongly suggest that protein 
intake, fecundity, and reproductive behavior in the apple 
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maggot adult are very closely related physiologically. 
Boiler (1972) suggests that changes in laboratory 
adapted strains of insects result from the intense selec¬ 
tion pressure and conditioning under the confined, crowded, 
artificial conditions within the laboratory. This forces 
the culture genetically through a "bottleneck" which alters 
and probably reduces the level of genetic variability with¬ 
in the culture. The apple maggot, and other Rhagoletis spp. 
in particular, seems to be prone to change under laboratory 
conditions because of the importance of the host fruit to 
its reproductive biology. The host fruit is the site for 
assembly, mating, and oviposition, which, in nature, occur 
only after the apple maggots have become sexually mature 
(Prokopy et al., 1971; 1972). However, under the confined, 
crowded conditions within the cages this system seems to 
break down. Mating attempts by males occur regardless of 
the reproductive condition of the females (See Experiment 
A) , and recently the oviposition-deterring fruit-marking 
pheromone of a laboratory adapted population of apple 
maggots was shown to be less effective than that from a wild 
population (Prokopy et al., 1976). It is not surprising 
then, that changes have occurred in this laboratory popula¬ 
tion of apple maggots. 
It is particularly important that some system of 
quality control be incorporated into the rearing programs 
of the apple maggot, such as those outlined by Huettel (1976) 
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and Chambers (1977) , especially if these lab reared insects 
are to be utilized in any kind of field studies. Repro¬ 
ductive behavior associated with the host fruit appears to 
be very important in ensuring precopulatory reproductive 
isolation and reproductive success in this species (Bush, 
1966; 1969; Prokopy and Bush, 1973a). Thus, any changes 
that influence reproductive behavior in the laboratory 
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Table 5. Analysis of variance comparing 




of protein and 
Rhagoletis 
Source df SS MS F 
Whole Plots 
Mean 1 502.3523 502.3523 
Strain (T) 1 6.8299 6.8299 40.7512** 
Diet (D) 1 216.2620 216.2620 1290.3460** 
Sex (S:T) 2 84.0650 42.0325 250.7906** 
Population(P:ST) 12 6.2583 .5215 3.1112* 
TD 1 .0127 .0127 .0758 
DS:T 2 6.4346 3.2173 19.1963** 
DP: ST 12 2.0116 .1676 
Split Plots 
Age (A) 14 3.2469 .2319 4.4340** 
TA 14 .8121 .0580 1.090 
TAD 14 .4261 .0304 .5813 
DA 14 2.4389 .1742 3.3308** 
AS :T 28 2.2471 .0803 1.5354 
AP:ST 168 10.0082 .0596 1.1396 
DAS :T 28 1.7454 .0623 1.1912 
DAP:ST 168 8.7877 .0523 
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Table 6. Analysis of variance of 3-day intake of protein and sucrose 
by wild male and female Rhagoletis pomonella from day 3 to 
45 days after emergence. 
Source df SS MS F 
Whole Plots 
Mean 1 196.0161 196.0161 
Sex (S) 1 21.8214 21.8214 732.2617** 
Diet (D) 1 109.7960 109.7960 3684.4295** 
Population (P:S) 6 .6597 .1100 3.6913 
SD 1 3.7505 3.7505 125.8557** 
DP (S) 6 .1791 .0298 
Split Plots 
Age (A) 14 3.2722 .2337 4.8086** 
AS 14 .6449 .0461 .9486 
AD 14 1.7940 .1281 2.6358** 
SAD 14 .882 3 .0630 1.2963 
AP (S) 84 4.2869 .0510 1.0494 
ADP (S) 84 4.0799 .0486 
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Table 7. Analysis of variance of 3-day intake of protein and sucrose 
by lab male and female Rhagoletis pomonella from day 3 to 
45 days after emergence. 
Source df SS MS F 
Whole Plots 
Mean 1 313.1661 313.1661 
Sex (S) 1 62.2436 62.2436 203.8101** 
Diet (D) 1 106.4787 106.4787 348.6532** 
Population (P:S) 6 5.5986 .9331 3.0553 
SD 1 2.6841 2.6841 8.7889* 
DP (S) 6 1.8325 .3054 
Split Plots 
Age (A) 14 .7868 .0562 1.0036 
AS 14 1.6002 .1144 2.0429* 
AD 14 1.0710 .0765 1.3661 
SAD 14 .8631 .0617 1.1019 
AP (S) 84 5.7213 .0681 1.2161 
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Table 9. Age at first observed mating and oviposition of wild and 
lab Rhagoletis pomonella. 
Strain4 
Observation Treatment2 Wild Lab 
Age at 1st 4. (S,P; <??)3 7.25t0.854 a 4.75t0.754 a 
mating 
5. (S+P; AS) 6.75+1.11 a 5.25^0.85 a 
Age at 1st 1. (S; ??) 14.00+1.08 a 9.75+0.48 b 
oviposition 
2. (S,P; ??) 8.25+0.85 be 6.75^0.25 c 
3. (S,P; AS) 9.75+0.85 b 6.50+0.65 c 
4. (S+P; (5?) 9.75±1.03 b 7.25+0.48 c 
Any means within each observational category followed by the 
same letter are not significantly different at the 5% level by Duncan's 
New Multiple Range Test. 
2 
Four replicates per treatment. 
3_ 
S - sucrose, P - protein, S+P = sucrose + protein combination. 
4 
Standard error of the means. 
75 
Mean dry-weight. The mean dry-weight of each sex 
of the wild and lab flies was equal to the mean of the aver¬ 
age dry-weight of 25 protein-fed flies at the following 
ages: 0, 5, 10, 15, 20, 25 days, and the extrapolated 
weights at 5 day intervals to day 45, inclusive. 
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